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ALSO:
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FOR DIRECT PHOTONS IN P+P




E dN/d’p [GeV]

Introduction

Turbide, Rapp, Gale,
Phys. Rev. C 69 (014903), 2004

Central Au+Au (s'*=200AGeV)

——— QGP (T=370MeV) \

Hadron Gas
initial pQCD (pp)
— SLIM

Indications for high-density,
thermalized medium at RHIC

Expect thermal radiation
Thermal photons from
partonic phase

predicted to be dominant
source of direct photons for

1<pT<3 GeV/c in AutAu
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Turbide, Rapp, Gale,
Phys. Rev. C 69 (014903), 2004

-
o]

_—y
]
(=]

E dN/dp [GeV']

Central Au+Au (s'*=200AGeV) |
<N_,>=800
ly|<0.35

Hadron Gas
QGP (T=370MeV)
initial pQCD (pp)
sum

1

p; [GeV]
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Experimental Challenge
o

Turbide, Rapp, Gale,
Phys. Rev. C 69 (014903), 2004

10' e r—————————————
T ] 1 Challenge: photon spectrum
% dominated by decay photons
10" §
O, 1o -1 Conventional method:
F
m_g- 10° | Measure inclusive photons with
— 10" L [ __Decay ph.otons
; (schematic) R i i 0 £
O 10° | Hadron Gas econstruct T, M Trom
LLI = QGP (T=370MeV) correlated photon pairs
10°® E initial pQCD (pp) B
' - SIUm __________ Ydirect — Yinclusive_Ydecqy
0 1 2 3 4
p; [GeV]
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Limit of Conventional Method

1.8 T"n:lneasmed / ql"'\'ﬂ:\::uen::Iingr«:-unr:l

"t Au+Au\[s,=200GeV, 0 - 10%
[ * Rund

1.6]

[~ + + 1 Conventional method works
PHENIX

1.4 ! well at high p;

1_2:_ b o But limited at low p; where
[ . * thermal photons expected
PG e

0.8 S/B ~ Sys. Error ~ 10%
[ PHENIX PRELIMINARY —reduce background!

D-E||||||||||I||||||II|||||||||||IIII|IIII
115 2 25 3 35 4 45 5

p; [GeVic]
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Internal Conversion Method
S0

71 Any source of high-E
photons emits virtual

9 Y photons y*
Di o Y* convert to low-mass
g q ete-

Compton
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Internal Conversion Method

11|
ot 71 Any source of high-E
Compton . photons emits virtual
9 ! photons y*
0 Y* convert to low-mass
g q ete
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Internal Conversion Method

12
ot 71 Any source of high-E
Compton . photons emits virtual
9 Y photons v~
0 Y* convert to low-mass
g q ete
3 d*n
210°E dddneed =§aisd dy , form>>me
ol —direct y m pT y 7. m pT y
102 2 —n0 .
-1 S=1 fordirecty
10
101;—
10'2;?
10'30_' ' '0|.1' — 'o.lzl - '0.|3' - 'u.|4' — 'o.lsl — s
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Internal Conversion Method

13|
i -1 Any source of high-E
Compton ) o photons emits virtual
q b photons y*

0 Y* convert to low-mass

g q ete
dn, _2al d’n,
dmdp,dy 37 m dp;dy

, form>>m,

—direct y
102 — 0

-1 S=1 fordirecty

24/2 m’ -
S =|F(m?) (1_W) . for Dalitz
h
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Internal Conversion Method

Compton

q

—direct y
0

=i
=il

Any source of high-E
photons emits virtual
photons y*

v* convert to low-mass
ete

d°n 2001 _ d°n,
S , form>>m,
dmdp,dy 37 m dp;dy

S=1 fordirecty
2
s:\F(mZ)\Z(l—%)P’, for Dalitz
h

Exploit cut-off =>
S/B enhanced to 50%!
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Detector And Data Set
s

PHENIX Detector - Particles

PC3 Central 0 et*e pairs, m<300 MeV
Pz Jhooel - o
0 1<p;<5 GeV

1 Collision systems and energy

o1 200 GeV AutAu, 2004, 0.8e9 events
(4.9 pb™! p+p equivalent)

o 200 GeV p+p, 2005, 2.25 pb!
11 Detector

o PHENIX Central Arms

o |An|<0.35, 2xm/2

o Conversion: 0.4% radiation length

Beam View
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Signal-Background Pair Separation

counts/N,_, (%5 MeV)

counts/N_, (%5 MeV)

10" Like Sign E
o alllike sign pairs =
. ~— — combinatorial background ]
PH “ENIX e correlated pairs ?
— cross pairs (EXODUS) -
10° =, --- jet pairs (PYTHIA) =
p+p at Vs = 200GeV 7
inclusive p; -
107" —
..... _uncorrected =
—o— -
107" ey —=
107 i =
10°® =
Unlike Sign E
107 ! o alle's’ pairs = |
— combinatorial background =
10w e correlated pairs =
- ’-f-,_.,...._m;'l " — cross pairs (EXODUS) 3
167 B .. -..,,=-=“_. --- jet pairs (PYTHIA) é
Y S0, .
" Tl o, e O o -
1010 e S i, '—.—_g"_o_ ‘ L
R te-* = T F =
----- === g:=e= =
11 P Y L *
10 : -?TT* *E
12 TR .

10 v Iy by b e e ey e | e 1
0 0.5 1 1.5 2 2.5 3 3.5 4
m,, (GeV/c?)

PHENIX, Phys. Lett. B 670 (2009) 313

1 Material conversion pairs removed by
cut on orientation in magnetic field

1 Combinatorial background removed
by mixed events (0.25% syst.
uncertainty in Au+Au)



Signal-Background Pair Separation

H

counts/N_,, (c%/5 MeV)

counts/N,, (¢*/5 MeV)

LN N N B I S B B EN B B B B NN B I BB B

10" Like Sign E
o alllike sign pairs =
10 \ — combinatorial background H
PH ENIX e correlated pairs El
P =
— cross pairs (EXODUS) -
10° = --- jet pairs (PYTHIA) =
3 \/ — -
p+p at Vs = 200GeV
10 =
inclusive p; -
10-1; _E
..... ___uncorrected E
—o— -
107" ey . —=
e —— =
10712 ?=—§
10°® =
Unlike Sign E
107 § o alle's pairs =
— combinatorial background =
10® = i e correlated pairs o
= ’w.-,_.,.,.._m._i-; . — cross pairs (EXQDUS) =
F s --- jet pairs (PYTHIA ]
10" i PR o £ - jet pairs { ) -
., S0 =
"_-' * ug O .“o -
10 |f - : e .
1077 g N .-IZQZ:Q: *‘ ° i
..... :9:; = a:_e_ =
’ ¥ ]
10" s + 'f‘*
BN Ta d
12 TR .
10 v Iy by b e e ey " I
0 0.5 1 1.5 2 2.5 3 3.5 4
m,, (GeV/c?)

PHENIX, Phys. Lett. B 670 (2009) 313

1 Material conversion pairs removed by
cut on orientation in magnetic field

1 Combinatorial background removed
by mixed events (0.25% syst.
uncertainty in Au+Au)

o1 additional correlated background:

cross pairs from decays with four
electrons in final state

particles in same jet (low mass)

or back-to-back jet (high mass)

1 well understood from MC

0
‘e+ ’ \
0
> » Tt T




Direct Photon Signal
s

PHENIX, arXiv:0804.4168v1 [nucl-ex]

8 107

iy

Q
[

T

e 1<p,<2GeVic

(8) pep (b) AusAu (Min Biag) 1 Corrected mass spectra (points)

o 2<p<3GeVic

—

Q
o

A

S~ 1 Compared to “cocktail” of

PH-ENIX
hadronic decays (lines)

® 3<p;<4GeVic

4<p <5 GeVic

-
=)
&

1 Cocktail normalized to data for

m<30 MeV

1 “knee” at 100 MeV from 1t° cut-
off

80% background reduction

dN/dm,. . (c¥GeV) in PHENIX acceptance
3

dN!dme,e_ (c¥GeV) in PHENIX acceptan

107E 10°E

- | - | L1l | L1 11 | |- | |- | 111 1 l:'_7 L1l | L1l | | | .| | 1111 | |- | L1l
0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3
m,.. (GeV/c?) m,.. (GeV/c?)
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Direct Photon Signal
o

p+p consistent w/ bckgrnd
for lowest p;
PHENIX, arXiv:0804.4168v1 [nucl-ex]

10°F g 107
E e 1<p<2GeVic

(8) pp (b) AusAu (Min Biag) 1 Corrected mass spectra (points)

o 2<p<3GeVic

—
Q
o

N of

(1] o
PHCENIX 1 Compared to “cocktai

hadronic decays (lines)

® 3<p;<4GeVic

4<p <5 GeVic

_(c%GeV) in PHENIX acceptan
o

1 Cocktail normalized to data for

dN/dm_. . (c¢¥GeV) in PHENIX acceptance

:10'6 _g:ﬂ:l"‘
S m<30 MeV
l: hll: 7 “knee” at 100 MeV from 1t° cut-
| ol off
80% background reduction

10.9 ||||||||||||||||||||||||||||| 10_7 |||||||||||||||||||||||||||||

0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3

m,.. (GeV/c?) m,.. (GeV/c?)

Small excess
at higher p;
for m>m_, Stefan Bathe ~ WWND 2009



dN/dm_. . (c¢¥GeV) in PHENIX acceptance

L ee

Direct Photon Signal

p+p consistent w/ bckgrnd
for lowest p;

Au+Au much larger excess
at all p;

PHENIX, arXiv:0804.4168v1 [nucl-ex]

107

m,.. (GeV/c?)
Small excess

at higher p;
for m>m_,

-3
107°F 8
e 1<p<2GeVic s
(a) p+p § (b) Au+Au (Min Bias)
2<p,<3 GeVic g
10 5 107E
g z
@ 3<p<4GeVic w N
z PH “ENIX
[=
10° @) 4<p <5 GeVic ;1 ok
[
o
o
A
®
L
-6 4
0 _Eﬂ:r
=
el
107 10°F
10°F 10°F
10.9IIII|IIII|IIII|I|II|IIII|IIII 10_7IIII|IIII|IIII|IIII‘IIIIlIIII
0 005 01 015 02 025 0.3 0 005 01 015 D02 025 03

m,.. (GeV/c?)

Indicates enhanced production

of virtual photons

Stefan Bathe

Corrected mass spectra (points)

Compared to “cocktail” of

hadronic decays (lines)

Cocktail normalized to data for

m<30 MeV

“knee” at 100 MeV from 1t° cut-
off

80% background reduction

WWND 2009



Direct ¥ vs. Low-Mass Enhancement

min. bias Au+Au at\|sy, = 200 GeV

e DATA 0 — yee J¥ — ee

1028 lyl<035 | n— vee ¥ — ee
p; > 0.2 GeV/c Movyee  ===en cc — ee (PYTHIA)
p—ee o ¢C — ee (random correlation)

®»— ee & nee
— 0 —> ee &nee

~—
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‘e,
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,
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1/N,_,, dN/dm,, [¢"/GeV] IN PHENIX ACCEPTANCE

",
“
o,
,,,,
by
",

.
1y

[RETIN |:;.;(l.etl.4:n&4.\;.\‘.>=.;.L BTN MRS O b
0 0.5 1 1.5 2 2.5 3

=

4.5
m,, [GeV/cz]

Jecbuedscbocdindr
3.5 4

b

PHENIX, arXiv:0706.3034v1 [nucl-ex]

I Low mass enhancement seen in Au+Au

Inclusive p;, region Il
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Direct ¥ vs. Low-Mass Enhancement

3 10-1 L .| | T |I T | UL | T T 1T | UL T rT | T T 1T | L L T T ||_ :6? T I 1 171 I L L I T 1 171 I T T 17T I T T T 7T LI | LI ||_
2 min. bias Au+Au at\|s,, = 200 GeV = > . B
P o DATA 0 s yee ¥ s oo . ] schematrc | .
& 102} lyl<035 | n— yee ¥ ee — 331'— : N
a8 Pr>02GeVIc __ 1 inee  eeees € — ee (PYTHIA) 3 P! b
: p—ee wonn € — ee (random correlation) | | | '”MR | HMR LA
= ®»— ee & nee = ! | |||||| | | ! =
w —— 0 ee &nee = |\|'|\| ‘l'l” ! [y I\ : ! ]
E TN -] 3 ! 'Hlnu" oo [ —
= PH ENIX = W "M W' ' ‘\”\ “u;‘ l:'\" ‘:“\ I, P !
= E 3 ] | HIIHI‘ IR
% 4 B ‘ ‘n' I‘HM \ |l’\‘ ”‘ W\HH | I\” N d
Ng ''''''' E ZL | HM ||h|”n””| f 4 /! \} [ # b ‘ '
oo B = - itk h\l‘”w i f’! | li HE
T\ I T N . j ! H\‘H‘I“I\‘\II u, ) |‘ \‘I‘ ‘\” | \
§ """""""""""""" EE 1—‘| | I\I i 'Hﬁmh‘b‘ I ” ’ I\uulllll\l J—r
S Ny AN\ | e, ] | T 1 I\‘\HI‘H Hf\l' !
g7 Ny SN e T, ! \ | k‘ 1
Zwl i\ O\ e [ i 3 i ’1““’ \l.ul iy H
: ; ]\ i b A 'l
0 S bls'*“"'éul‘*"ﬁ-\%"?'*"' 'Jz'*'*"“*'z’J“s'f’“*"!“"é“‘ ""35 "A 4.5 L .I L V. i 1i1]] ||HH||\|MH H”l ‘H W H“H
: - : - 5 % o5 1 15 35 4
mg. [GeV/c m.. (GeV/CE)

PHENIX, arXiv:0706.3034v1 [nucl-ex]
' Kinematic region ll:

I Low mass enhancement seen in Au+Au Expected to be dominated by hadronic

gas phase
Inclusive p;, region Il . . :
' Kinematic region I:

Quasi-real virtual photons
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acceptance

-t

2 .
dN/dmem. (c /GeV)_Iln PHENIX

Extracting Direct y Signal

Au+Au (MB) 1.0<pT<1 5 GeV/c

cocktail components — idir(m)

—~—
PH ENIX

o - 'c(m)

— (1-0)f (m)ri_ (m) 7 Two-component fit

f(m)=(@1-r)f.(m)+rfy (m)

f : shape of cocktail

(9

Ul
- r = 0.128+0.015
0 v2/NDF = 13.8/10

f,: shape of direct photon

ire

L IIIIILI‘-__\__}« I_l_l_l".llll

r: fit parameter

Lo | I\I‘I:I-EI‘T'_:"-_\LJ__LI | |_|:| I"I.hl"l.‘.l-'I-JI_-I.’:~.I’.I"-_I‘_'I“I“\ lop a2y fC, fd”.: Sepqrqtely normqllzed To
0.05 0.1 0.15 0.2 0.25 0.3 0.35 me,:.?GeV/%;ls ddtq for m<3o Mev

PHENIX, arXiv:0804.4168v1 [nucl-ex]
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acceptance

-t

2 .
dN/dme:ﬂ. (c /GeV)_Iln PHENIX

Extracting Direct y Signal

d’n, 221_d°n,

Reminder: = , form>>m S=1 fordirect
© dmdp,dy 37 m dp,dy : 4
p _ N4 11 \3 .
'E Au+Au (MB) 1.0<p_<1.5 GeV/c — S _‘F(m )‘ (@ Mz) , forDalitz
i cocktail components —— f ;. (m) PH “ENIX h
2 T - 'c .
F o0 _(1(-':;12c(m)+rfdir(m) Two-component fit
A n r = 0.128+0.015 ftmM=1=f (M +rf. (m
0P “-.\wh 13.8/10 (m) =( ) C( ) d"( )
= R NN f: shape of cocktail
- ; r NRE s f,: shape of direct photon
C L r: fit parameter
e ,L G T S f,f,: separately normalized to
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 me,g.?Gew%)‘ls ddfq for m<30 MeV

PHENIX, arXiv:0804.4168v1 [nucl-ex]
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acceptance

-t

2 .
dN/dmem. (c /GeV)_Iln PHENIX

Extracting Direct y Signal

Au+Au (MB) 1.0<pT<1 5 GeV/c

cocktail components — idir(m)

—~—
PH ENIX

o - 'c(m)

— (1-0)f (m)ri_ (m) 7 Two-component fit

f(m)=(@1-r)f.(m)+rfy (m)

f : shape of cocktail

(9

Ul
- r = 0.128+0.015
0 v2/NDF = 13.8/10

f,: shape of direct photon

ire

L IIIIILI‘-__\__}« I_l_l_l".llll

r: fit parameter

Lo | I\I‘I:I-EI‘T'_:"-_\LJ__LI | |_|:| I"I.hl"l.‘.l-'I-JI_-I.’:~.I’.I"-_I‘_'I“I“\ lop a2y fC, fd”.: Sepqrqtely normqllzed To
0.05 0.1 0.15 0.2 0.25 0.3 0.35 me,:.?GeV/%;ls ddtq for m<3o Mev

PHENIX, arXiv:0804.4168v1 [nucl-ex]

Stefan Bathe  WWND 2009



acceptance

-t

2 .
dN/dme:ﬂ. (c /GeV)_Iln PHENIX

Extracting Direct y Signal

Au+Au (MB) 1.0<pT<1 5 GeVic

~—
PH ENIX

cocktail components N idir(m)
| T - 'c(m) o
= n — (1-0)f (m)ri_ (m) 7 Two-component fit
Zi_v _....(D, c ir
N = ] r = 0.128+0.015 f (m) — (1— r) fC (m) + rfdir (m)
L 0 +2/NDF = 13.8/10
= N \’“\A/WV\/\NJ f: shape of cocktail
? ""': : / frf’ f,: shape of direct photon
ST M r: fit parameter
N RTINS f,f,: separately normalized to
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 me,g.?GeV/%)‘IS dCﬂ'CI for m<30 Mev
PHENIX, arXiv:0804.4168v1 [nucl-ex]
preserves meaning of r
as direct photon fration
r entirely Stefan Bathe  WWND 2009

where S/B enhanced by factor 5



acceptance

-t
e
N

2 .
dN/dme:ﬂ. (c /GeV)_Iln PHENIX
o
[N

-t
S
o

Extracting Direct y Signal

S F T TR

Au+Au (MB) 1.0<pT<1 5 GeVic

cocktail components

“\% +2/NDF = 13.8/10
‘.\‘\ N ’-\/V\/\/\,f/\’/\/\/\/\f/

PH.ENIX
— 1, (m)

T — f(m)
— (1-0)f (m)+rf_(m)

r =0.128+0.015

n
o)
.T']’
=+ 0

E (= [ “f‘

- \N\’V\"““'\L\/\/\/

- N

\’\'\

E (I | | 1 I.‘;‘LLI A_‘.'_'.J__I_I Ll | Lol 1 |h|"| .|-'|-J_-.h~"“ -'-" * S =l e

0 | 005 01 015 02 025 03. 035 04 045
. m,..- (GeV/c)

PHENIX, arXiv:0804.4168v1 [nucl-ex]
preserves meaning of r
as direct photon fration

r entirely
where S/B enhanced by factor 5

Two-component fit

f(m)=(@-r)f.(m)+rfy (m)
£

(9

o

ire

shape of cocktail
shape of direct photon
r: fit parameter

f, f,: separately normalized to
data for m<30 MeV

Data follow expected
shape for direct photons
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Direct Photon Fraction

o
)

direct y/inclusive y

e
=y

r=

0.05

L (@) p+p

- —~—
I PH “ENIX

(b) Au+Au Min. Bia

} T R
——
——

—_——

PHENIX, arXiv:0804.4168v1 [nucl-ex]

4.5
P, (GeV/c)

Stefan Bathe

Direct photon fraction compared
to NLO pQCD (lines, three scales)

ptp
consistent with pQCD

Au+Au:
enhanced above pQCD

WWND 2009



r= direct y/inclusive vy

Direct Photon Fraction

oo (@ p+p L (b) Au+Au Min. Bia ¢ -
o 1 } ]
PH ENIX II%
01— T ]
U.DSI-— + —
- ¢
u:
-|||IIIIIIIIIIIIIIIIIIIIIIIII IIIIII--IIII|IIII|IIII|IIIIIIIIIlIIIIlIIIIlII—

45 | 15 2 2.5 3 35 4

1 I 1
1 15 2 25 3 35 4 .
P, (GeV/c)

4.5
P, (GeV/c)

PHENIX, arXiv:0804.4168v1 [nucl-ex]

Direct photon fraction compared
to NLO pQCD (lines, three scales)

ptp

consistent with pQCD
Aut+Au:

enhanced above pQCD

Systematic uncertainties
shape difference measured

N/n° ratio largest source of
uncertainty: 7% (17%) pp (AuAu)

Other sources contribute only few
% as cocktail normalized to data
(no absolute measurement)
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Direct Photon Yield p+p
o0

-1 Convert r into direct y yield
dN7direct ( pT) =Ix dNyincIusive
incl d
dNynC = Neeatax(dN; IN_)
Ratio of y/eTe” for m<30 MeV

same for any source

(pr)

Syst. uncertainty of v, , 14%

m From e®e” pair acceptance

Stefan Bathe  WWND 2009



Direct Photon Yield p+p

-l
o

—h

-
<

- -
o o
A ro

d®N/dp3(GeV-2c®) or Ed®s/dp® (mb GeV2c?)
S

m10-5 pQCD
- Mod. Power Law
10°
PHENIX, arXiv:0804.4168v1 [nucl-ex]
\\l\\\l\\\|\|||||||||||||||||
107

10*
s — 4 4 AuAu MB x10*
10 PH -ENIX
\ o ¢ AuAu 0-20% x10°
10%=_ . T IcA
R o = AuAu 20-40% x10

p+p

Convert r into direct v yield
dN7direct ( pT) =Ix dNyincIusive
incl dat
dN;nC = Neeaax(dN; IN_)
Ratio of y/eTe” for m<30 MeV
same for any source

(pr)

Syst. uncertainty of v,  14%

From eTe™ pair acceptance

A+ p?/b)™"
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Direct Photon Yield p+p

—h
- O

—t —k —
o o o
& ro o

d®N/dp3(GeV-2c®) or Ed®s/dp® (mb GeV2c?)
S

E
-k
<

(4]

pQCD

PHENIX, arXiv:0804.4168v1 [nucl-ex]

104
5 — 4 4 AuAu MB x10*
10 PH- -ENIX
. © e  AuAu 0-20% x10?
10°E . .. "I IcA

Mod. Power Law

AuAu 20-40% x10

Convert r into direct v yield
dN7direct ( pT) =Ix dNyincIusive
incl dat
dN;nC = Neeaax(dN; IN_)
Ratio of y/eTe” for m<30 MeV
same for any source

(pr)

Syst. uncertainty of v,  14%

From eTe™ pair acceptance

ptp
pQCD consistent with data for
P2 GeV
Well described with modified
power law: A+ ps/b)™"
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- Excursion

Significance of modified power law
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Onset of Hard Scattering
B

1 Example : 7% production

g0l .
T 0 —— exp(-5.6°pT) o Data parameterized by
o — — -
2 - pow(pT,-8.1)
5 1
H-U j=3 =
wi= - — 7 data para
AL
10 E —— hard =data-exp
~ turnon=hard/pow
102 =
10° =
C | | Ll | | Ll
0.5 1 1.5 2 2.5 3 3.5 4

7% : PHENIX PRL 98, 172302 (2007)
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Onset of Hard Scattering

1 Example : 7% production

10 exp(-5.6'pT) o Data parameterized by
— ow(pT,-8.1 .
- Pow(pT81) power law at high p;
1=
; — 1% data para
107 E_ hard =data-exp
- turnon=hard/pow
102 =
10° =
- | | - | | 1
0.5 1 1.5 2 2.5 3 3.5 4

7% : PHENIX PRL 98, 172302 (2007)
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Onset of Hard Scattering

Example : 7% production

108 exp(-5.6'pT) Data parameterized by
— ow(pT,-8.1 .
- Pow(pT81) power law at high p;
1=
= exponential at low
- — 1% data para P Pr
Al Woods-Saxon transition
10 E hard =data-exp
- exponential dies out at high p;
~ turnon=hard/pow
107 = :
- Power law diverges at low p;
10° =
- | | I | | P
0.5 1 1.5 2 2.5 3 3.5 4

7% : PHENIX PRL 98, 172302 (2007)
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Onset of Hard Scattering

Example : 7% production

10 exp(-5.6*pT) Data parameterized by

pow(pT,-8.1)

power law at high p;

3
Ed Simb Gevic))
dp

—

T

exponential at low p;
— 1% data para

Woods-Saxon transition

107 E_ hard =data-exp
- exponential dies out at high p;
~ turnon=hard/pow
- .
107 ¢ Power law diverges at low p;
10° =
= Power law must break
0.5 ‘ll 1|5 | 2I | 2I5 :l. '3.|5' 4 down

7% : PHENIX PRL 98, 172302 (2007)
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Hard Scattering in Drell-Yan
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Hard Scattering in Drell-Yan
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Modified vs. Unmodified Power Law

i A _  A=5.39e-03, b=3.62, n=4.02
= (1+p2/b)"
E chi2/ndf=16.2/7
= 0 Fit p+p direct y from 1<p;<5 GeV
- *ICA direct photon
B both ICA and EMC
- ' Modified power law better fit
- chi2/ndf=59.1/8
- 0 E B=9.78e-03, n=5.32
- pl

ol by b b by b by by
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

pT(GeV.-'c]

200 GeV p+p direct y
Statistical uncertainties only
Data points: PHENIX, arXiv:0804.4168v1 [nucl-ex]
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- End of Excursion

Back to data
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Direct Photon Yield Aut+Au

5+ AuAuMB xi0* o AutAu enhanced above
° *  AuAu0-20% x10 T AL+ pr /b)™" (= ptp)
for 1<pT<3 GeV
_Pr
o Fit with T,,Al+ps/b)™" +Be T

—~—
PH “ENIX

2 102

AuAu 20-40% x10

—h

-
<

| \Hlllﬂ] \I\IIIII‘ \IIIIIII‘ \IIHIH‘ III\HH‘ IIIIIIIII III\HI\l III\HI\| I\IHHI| [TTTT

—h
N

Q. <2
w

—t

d*N/dp®(GeV-2c®) or Ed%s/dp° (m
S

E
-
o

(4]

T,z X ModPowlLaw

PHENIX, arXiv:0804.4168v1 [nucl-ex] - =
el e e b e

2 3 4 5 6 7 Stefan Bathe  WWND 2009
p(GeVic)
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Direct Photon Yield Aut+Au

—~10*

o)

Q
O 5+ AuAuMBx10* Aut+Au enhanced above

10 PH ENIX 5 _

b} n —

O © ¢ AuAu 0-20% x10? TAB A(1+ Pr / b) (= ptp)

2 10?2

3 AuAu 20-40% x10 for 1<pT<3 GeV o
o)

o 10 T

) Fit with T, A(L+ p? /b)™" + Be
cob 1

U [ ] [}

1 Enhancement consistent with

- - _1 °

010 exponential

o)

Q
2102

% centrality dN/dy(pr > 1GeV /e) T(MeV) */DOF
G103 0-20% 1.10 £0.20 £0.30 221 +£23+18  3.6/4
“a 20-40% 0.52+0.08+0.14 215+20+15 5.2/3
S10% MB 0.33+0.04+0.09 224+16+19 0.9/4
=

©

w109

1 0-5 T,g X ModPowlaw
PHENIX, arXiv:0804.4168v1 [nucl-ex]
‘ I I | A I | | I I | | I | | | I |

- ‘ I
107 5 3 4 5 5 2 StefanBathe  WWND 2009
p;(GeV/c)



Direct Photon Yield Aut+Au

-k
o
S

—h
w

—h
o o
(¢

-l
o

—h

-
<

- -
o o
A ro

Ed*N/dp*(GeV-2c?) or Ed’c/dp® (mb GeV-2c?)
S 9

-k
=
»

PHENIX, arXiv:0804.4168v1 [nucl-ex]
\|H\|\||||||||||||||\||.

N
PH ENIX

T,g X ModPowlaw

AuAu MB x10*
AuAu 0-20% x102

AuAu 20-40% x10

107\\“\

2

3

4

5

6 7
p;(GeV/c)

Au+Au enhanced above
TABA(1+ pT2 /b)_n (= ptp)
for 1<pT<3 GeV

_br
Fit with T,,A(L+p;/b)™"+Be T

Enhancement consistent with

exponential
centrality dN/dy(pr > 1GeV /e) T(MeV) */DOF
0-20% 1.10 £ 0.20 £ 0.30 221 £ 23+ 18 3.6/4
20-40% 0.52 £ 0.05 £0.14 215 20+ 15 5.2/3
MB 0.33 = 0.04 £ 0.09 224+ 16 =19 0.9/4

If p+p fit with pure power law
T—T+24 MeV (central)
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Model comparison

(\1""\ 10 =
%; E Thermal Photons in Au+Au at\fsNN =200 GeV
CD ~ & DATA 0-20%
o —— D. d'Enterria & D. Peressounko: T, = 580 MeV, 1, = 0.15 fmic
[&] —
— 1 E —— 5. Rasanen etal.: T, = 580 MeV, 1, = 0.17 fm/c
™ E
[« - — D. K. Srivastava: T, = 450-600 MeV, 1, = 0.2 fm/c
g : —— 5. Turbide et al.: T, = 370 MeV, t, = 0.33 fm/c
rgc1 1l —— F. Liuetal.: T, = 370 MeV, t, = 0.6 fm/c
w 0 § —— J.Alam et al.: T, = 300 MeV, t, = 0.5 fm/c
C — W. Viogelsang: Prompt y NLO pQCD TM (0-20%)
102
10°E
10%F
10°5
IIII|IIII|IIII|IIII|III

5
Wo 1 2 3 4 5 6 71
D.d’Enterria, D.Peressounko, Eur.Phys.J.C 46 (2006) p_ (GeV/c)

From data: T... > 220 MeV > T,
From models: T. .= 300 to 600 MeV

To = 0.15t0 0.6 fm/c

o AutAu = pQCD + exp.
>T =221 + 23 (stat) = 18 (sys)

Initial temperatures and times from

O

@)

theoretical model fits to data:

0.15 fm/c, 590 MeV (d’Enterria et al.)
0.17 fm/c, 580 MeV (Rasanen et al.)
0.2 fm/c, 450-660 MeV (Srivastava et al.)
0.33 fm/c, 370 MeV (Turbide et al.)
0.6 fm/c, 370 MeV (Liv et al.)

0.5 fm/c, 300 MeV (Alam et al.)

o O O O O O

T, (fm/c)

0.6

0.5

0.4

0.3

0.2

0.1

e ey oy by ey Ly |
300 350 400 450 500 550 600
T, (MeV)



Summary

Measured e*e” pairs
m<300 MeV
1<pT<5 GeV
p+p and Aut+Au

PtP

small excess over hadronic
background

AutAu

much larger excess

Treated excess as internal
conversion of direct photons

Extracted direct photon yield

Stefan Bathe
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Summary

Measured e*e” pairs
m<300 MeV
1<pT<5 GeV
p+p and Aut+Au

PtP

small excess over hadronic
background

AutAu

much larger excess

Treated excess as internal
conversion of direct photons

Extracted direct photon yield

Ptp
Lowest p; ever measured for
direct photon in p+p
Consistent with NLO pQCD

But indicates turn-over

Aut+Au

Spectrum shape above T,,
scaled p+p exponential

T=221+-23+-18MeV

Consistent with hydro models
T. .=300-600 MeV

init

1,=0.6-0.15fm/c
Analysis ongoing for d+Au
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